This paper provides a design of the Information System architecture to support a connected construction site. In order to master the diversity and the complexity of construction site processes, theories are needed that separate the stable essence of the smart construction site from the variable way in which it is realized and implemented. For that, construction site processes were mapped before linking each data path with the existing technological tools using correspondence matrixes. The results enable the definition of a proper system able to deal with the resources allocated to the construction process functionalities. The main challenge faced in this research was to identify which pertinent data is needed that activates the resources to complete each given construction task.
INTRODUCTION
Most economic sectors are required to reinvent themselves thanks to the plethora of data provided thanks to technological advances such as Internet of Things. The Information System is one critical component of this technological revolution. An Information System (I.S.) can be defined as a set of resources that enables gathering, storing, processing, and broadcasting information. Figure 1 presents schematically those functionalities. Before the "Collect" step, the right data and its source (s) are identified. Then raw data are processed, organized and structured to create some context which gives the meaning to data. Many software tools are widely used for this step of data processing. Once the data became information, it is broadcasted through communication channels to end users.
The architecture of the I.S. depends on many factors, including the purpose of the use, the required functionalities and the temporality (Lee and Yu 2012) . Another crucial factor is the nature of the sector. For instance, the purpose of an I.S. intended for distribution is, at a certain level, different form an I.S. for production / services. This article deals specifically with the I.S. in the construction industry. The construction sector is characterized by a low productivity (Dubois and Gadde 2002) . The former is project-based rather than production-based, which makes its supply chain difficult to assess (Koskela and Rooke 2007) . Azambuja M. and O'Brien W. (O'Brien et al. 2008 ) highlighted the differences between manufacturing and construction industries. The existing gap is reflected in different characteristics: the manufacturing industry is based on mass production, reduced supply variability, continuous improvement and the integration of efficient logistics while construction is limited in production (some projects per year), and highly fragmented (Wu 2009 ): several actors are working on the same project which makes precise management and definition of processes more subtle.
Current situation of the I.S. in Construction
Construction processes are driven by heterogeneous data such as drafts, technical notes, standard specifications, budget sheets, and planning (Hai et al. 2012; Lee and Yu 2012) . In addition, still many of those documents are paper-based (Azhar et al. 2015; Kang et al. 2012 ). On the other hand, most of operations are not automated. For example, the accounting management is realized once, mostly at the end of each month. The construction supervisor enters manually the numbers from suppliers' invoices. Then the administrator checks the account and writes a monthly report on the financial health of the construction site.
Our view for this paper is that the information system should allow managers and directors, who deal with many construction sites, to have a clear and real-time vision of the state of progress of each construction. On the other hand, the construction site supervisor, in charge of the execution of works, should daily manage the site and anticipate the coming risks and human resources needs. Erreur ! Source du renvoi introuvable. explores the main functions the I.S. in construction and the ways to fulfill those functions. The current way of managing construction sites still lacks technology-integration (Warszawski 2003) . For example, delivery notification forms contain the information needed not only to keep an up-to-date inventory of materials and equipment on the field but also to provide a better account management. Data such as the date of delivery, the type of ordered products, its quantity and the cost involved by the merchandises purchase are available. The need is for an integrated Information System that collect, store, analyze, and send the right data for the right person (or stakeholder) at the right time.
The objective of this paper is to suggest an ontology that can be used to develop the I.S. framework for smart construction site. This work can lead to a common architecture for the adequate Information System in the construction sector.
Research methodology
The results of this article are parts of a larger research project that aims to develop guidelines for managing a connected construction site. The research was realized closely with several companies and the ontology proposed in this article is the results of a 1-year work:
-Construction sites visits -Semi-structured interviews with construction manages -Literature research on what constitutes an I.S.
The first step was to define the functionalities of an I.S in the construction industry. Then a benchmark of tools, software and hardware was undertaken. Finally, the link between functionalities and tools has been made through a cross matrix. A series of interviews (semistructured interviews) supported the results. We based our analysis on construction experts' feedbacks form several construction companies.
Results and discussion
Every construction project is defined in a referential in which budget, planning, and technical descriptions and standards are clear at a certain level. A well-known challenge is that those specifications change during the project lifecycle. At the same time, it is mandatory to keep information updated, and to communicate that information and to predict the risks caused by these changes. Data on materials and human resources experience the same issues. Figure 3 represents the topology of resources in the construction sector.
Figure 3. Topology of resources in construction
The second step is to link those identified resources with the equivalent data required in the construction site. This data is associated with strategic and operational challenges and functionalities. This work resulted in Table 1 that provides the "Relationships between challenges and managerial aspects on a construction site". The third step was to create a matrix that links the tools that support a smart construction site with the functionalities used to collecting data. This matrix is represented in Table 2 . The final step is to develop the matrix linked to the distribution/ broadcasting of data. This matrix is represented in Table 3 . 
1. Device time of use can be measured to know when the tablet is used. 2. Input-output monitoring provides the time of attendance and the authorization, and detects the presence of items. 3. Connected accessories can detect, for example, the movement of a worker or an object to determine when the task is performed. 15. The Planning system can give the information on the timing of expenditure during the project lifetime. 16. Raw materials prices and law changes are easily spotted on the web. 17. Account manager's updates are often received by emails. 18. Quality control can be performed with the embedded camera and other technologies such as Tablets. 19. Connected dumpster allows the identification of users, the nature of deposited waste, and weighing (Goodrum et al. 2006 ). 20. Wastes can be tagged in order to know which of waste there is on the dumpster 21. A Lone Worker detection can be done with such a technology 22. Accident report, bills, Quality control and Standards are the main indicators for Quality and Safety. 23. Periodic controls can be planned to ensure a good quality tracking. 24. Delivery notes and other paper files can be scanned with the embedded camera. 25. Connected containers can track the material volume in real time. 26. Identification of items is easier as well as accuracy in inventory control (Wang et al. 2007) 27. Location of Items, Machinery and Workers on the construction site and on the road for deliveries (Pradhananga and Teizer 2013) . 28. Technical sheets and Delivery notes provide the necessary information for the use of material and equipment. 29. Each item is referenced in the model for computing an ordered list of pieces. 30. Planning system provides the desired delivery and release dates for all the equipment. 31. Price changes monitoring and new products release can be gathered through the web network. 32. Visual identification of equipment can be performed by the embedded camera. 33. Embedded sensors can provide the state of the equipment and its use. 34. Connected clothes can prevent and measure painfulness, noise and fall detection to ensure safety of workers (Teizer et al. 2010 ). 35. Progress monitoring can be performed through photo analysis (Teizer and Vela 2009) . 36. HR records, Workload curves, Accident and Activity report contribute to better know the construction company employees. 37. Areas monitoring through image processing can organize the space on the construction site. 38. Construction site installation plan provides all the information to install and move along the site.
39. BIM tools allow for the organization of the space and specific areas on a construction site (Gore et al. 2016 ). 40. Mistakes identification from image processing. 41. Quality process control notes. 42. Standards and company policy drive the project and help to structure the main phases. 
